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SUMMARY

The strategic approach for preventing congenital toxoplasmosis is strictly related to the
incidence of primary 7. gondii infection during pregnancy in a studied population. Early
postnatal diagnosis by mass testing of newborns is an option in areas where obligatory
serological screening in pregnant women has not been implemented but it requires sensitive
immunodiagnostic methods followed by a good confirmatory analysis. The aims of the
regional neonatal screening programme were (i) analysis of the prevalence of congenital 7.
gondii infection at birth in the West Poland Province, (ii) determination of the value of the
serological examination of filter-paper blood specimens collected at birth for the diagnosis of
congenital toxoplasmosis, and (iii) evaluation of the duration of 7. gondii-specific
immunoglobulin A and immunoglobulin M antibodies in infants’ sera.

The neonates born in the obstetric clinics of the University Gynaecology-Obstetrics
Hospital in Poznan (Poland) and in the maternity wards of the 10 main district hospitals from
the West Poland region were systematically screened for congenital 7. gondii infection.
Peripheral blood from newborns was collected by a non-invasive heel-stick puncture during
the first 3 days of life, absorbed onto Guthrie cards and analysed for anti-7. gondii specific
IgM (1996-1998) or both IgA and IgM antibodies (1998-2000) by non-commercial
immunocapture ELISAs. When the screening result was positive, the diagnosis of congenital
infection was confirmed by testing serum samples from the suspected neonate and the mother
using a Western blot IgM-IgG comparative immunological profile analysis and traditional
serological techniques (ELISA, ISAGA) for anti-Toxoplasma IgA, IgM and IgG specific
antibodies.

From June 1996 to April 2000, 45,169 filter-paper specimens from liveborn neonates were
screened: 27,516 samples were tested for specific IgM and the next 17,653 Guthrie cards were
analysed by the combined IgA/IgM assay. The prevalence of anti-Toxoplasma 1gM in filter-
paper eluates at birth was 1 per 2,117 liveborn neonates (0.47/1000) or 1 per 1,185 infants
(0.84/1000) born to seronegative women with a potential risk of primary 7. gondii infection
during pregnancy. For the joint detection of IgA and IgM, these values significantly increased
to 1 per 929 neonates (1.08/1000) or 1 per 520 pregnancies at risk (1.92/1000) respectively,
comparing to the seropositivity rate of 43.7% in a pregnant women population in the studied
area. In newborns untreated prenatally, the diagnostic sensitivity of the IgM ELISA using
neonatal Guthrie cards was not more than 86.7% and that of the combined IgA/IgM ELISA
was 95%; the diagnostic specificity of the both methods was calculated to be 99.9%.
Congenital T. gondii infection was finally diagnosed in 35 neonates, mostly asymptomatic at

birth.
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Conclusions: (i) The neonatal screening for anti-Toxoplasma 1gA and/or IgM antibodies is a
good sensitivity method for an early postnatal diagnosis of congenital toxoplasmosis in
newborns untreated prenatally. (ii) In the absence of obligatory nation-wide screening during
pregnancy followed by an early prenatal treatment, this valuable technique may be considered
a preventive option in areas of a high annual number of births associated with a high

seroprevalence of 7. gondii infection.
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INTRODUCTION

The strategic approach for preventing clinically overt form of congenital toxoplasmosis in
foetuses and neonates is strictly related to the incidence of primary Toxoplasma infection
during pregnancy in a given geographic area, resulting from the absence of protective specific
IgG antibodies in women in a childbearing age group, a local risk of transplacental
transmission of the parasite, and the Toxoplasma strain patogenecity. There are four available
strategies to prevent congenital 7. gondii infection: (i) health education concerning sanitary-
dietary recommendations how to avoid Toxoplasma infection during pregnancy, (ii)
preconceptional serological screening and then testing of seronegative pregnant women for
Toxoplasma-specific IgG, followed by prenatal diagnosis with materno-foetal treatment of
suspected and infected cases (1,2), (iii) non-invasive perinatal screening for specific IgM
using cord blood samples (3), and (iv) mass neonatal screening based on peripheral blood
collected on filter-papers (Guthrie cards) at birth (4-7). Regular serological testing of women
who were seronegative before pregnancy or at the beginning of the first trimester of gestation
was introduced as mandatory in Austria and France in 1970-ties, and actually it is widely
recommended in majority of European countries by National Health Services or
research/university centres (8-12). Combination of preconceptional screening with health
education seems to be the most reasonable preventive method but it may be difficult to
motivate non-pregnant women for testing. An application of simple dietary-hygienic
measures during pregnancy may reduce the potential risk of primary 7. gondii infection up to
60%. It is very difficult to evaluate which of preventive strategies is the most effective,
economically and psychologically acceptable for screened population, considering the lowest

risk of maternal anxiety during pregnancy, and possible false diagnosis.
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So far, the incidence of congenital toxoplasmosis in a Polish population was evaluated on
a number of registered deaths in severely affected cases and selected symptomatic infections
with typical clinical signs shown at routine paediatric examination (13-15), which constitute a
low percentage of all infected foetuses (16, 17). Majority of congenital Toxoplasma infections
left undiagnosed or they were supradiagnosed (18). Moreover, indirect epidemiological
evaluation of the prevalence of congenital 7. gondii infection in Poland based on a simple
comparison with some other populations having similar hygienic and dietary habits seems to
be not sufficient because of proven differences in a patogenecity of 7. gondii strains from
various geographic areas or another sources of infection (19), as well as a widely used
prevention of spiramycine in pregnant women in West Europen countries (20).

In 1990-ties, perinatal screening based on a detection of specific IgM antibody in cord
blood using the commercial ImmunoSorbent Agglutination Assay (ISAGA, bioMerieux,
France) showed only false positive results in 7 cases of 2,200 newborns born to seropositive
mothers in 4 selected obstetrics wards in the West Poland Province, and no typical clinical
signs of congenital toxoplasmosis were found in 4,311 successively born neonates (21). The
screening results suggested that the incidence of congenital toxoplasmosis in Poland is lower
than previously suspected and it may be probably less than 1 per 1000 children born alive
(21,22). For this reason, the implementation of the nation-wide serological screening of Polish
pregnant women was not accepted by the National Health Services (15), however serological
testing is widely proposed to pregnant women and in individual suspected cases is
recommended by gynaecologists as covered by social care units.

Because of the lack of obligatory screening of pregnant women for primary 7. gondii
infection in Poland, the Poznan University Centre was practiced the regional screening
programme for congenital toxoplasmosis in neonates born in the West Poland area since
1996, in order to determine an actual epidemiological status of congenital toxoplasmosis in
Poland, to evaluate a risk of primary infection in a pregnant women population, and to
increase an early postnatal detection of congenital Toxoplasma infection in the Poznan
Province. The aims of the regional study were (i) to determine the prevalence of congenital 7.
gondii infection at birth in the West Poland Province, (ii) to evaluate diagnostic parameters of
the serological examination of filter-paper blood specimens collected at birth for the diagnosis
of congenital toxoplasmosis, (iii)) to determine the duration of 7. gondii-specific
immunoglobulin A and immunoglobulin M antibodies in infants’ sera for a practical detection
of the congenital infection, and (iv) to evaluate the efficacy of early postnatal treatment.

Serological screening of newborns based on a detection of Toxoplasma-specific IgM in

dried blood samples associated with testing of metabolic errors and other genetic disorders
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was used in Massachusetts, New Hampshire (USA), Denmark, and Sweden — in countries
with a low risk of the primary infection during pregnancy and a relatively low annual number
of births (5,7,23). The last years, the nation-wide serological screening of neonates based on
commercially available IgM assay was implemented in Brazil, when clinical sequelae of
congenital infection are more severe, (24, 25). Detection of Toxoplasma-specific IgA in filter-
paper specimens from Polish neonates collected at birth, using a new non-commercial

combined IgA/IgM ELISA was applied for the first time (26).

MATERIALS AND METHODS

All neonates born between 1996 and 2000 in the obstetric clinics of the University
Hospital of Gynaecology and Obstetrics in Poznan and in maternity wards of the 10 main
district hospitals from the West Poland Province (about 12,000 births per year; 130 km
around Poznan) were systematically screened for congenital 7. gondii infection. Peripheral
blood absorbed onto separate phenylketonuria cards (Guthrie cards) (Schleicher and Schuell,
Dassel, Germany) using a low invasive heel-stick method was collected during the first week
of life, dried shortly at room temperature, and kept at +4 °C before being delivered to the
laboratory by an ordinary mail or a messenger twice a week. The capillary blood was initially
obtained from the same heel puncture as performed for phenylketonuria and congenital
hypothyroidism routine tests. Later on, considering a possibility of an early disappearance of
specific IgM and IgA antibodies, the samples were collected from a separate puncture during
the children’s stay at neonatal wards, between 1 and 3 days of life, i.e. earlier than for other
obligatory neonatal tests. Consecutively born neonates were only analysed, and some district
hospitals sending filter-papers which were sporadically collected in individual cases suspected
of intrauterine infections were excluded from the study. Neonatal Guthrie cards included
identification data (name of the mother, sex of the neonate, address of accommodation), date
of sampling, some most important obstetric information (pregnancy age, delivery mode, date
of delivery, birth weight), and in the laboratory they were marked with a subsequent number
of serological analysis and a hospital code (Fig. 1). All the samples were tested during a few
days after being delivered to the laboratory. All filter-paper cards were kept at +4 °C before
testing. After analysis, the samples were packed into plastic bags with a dessicant pad and
stored at -20 °C for 2 years for an eventual verification.

Advantages of the filter-paper method as the only ethically accepted procedure for mass
neonatal screening were: (i) low invasiveness of the heel blood puncture, (ii) identification

data placed directly on the analysed sample (low risk of potential missing data), (iii) easy
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storage and transport of dried blood samples (room temperature), (iv) long persistence of
antibodies, and (v) anti-bacterial protection (minimal risk of contamination).

The 3.2-mm filter-paper spots were screened for Toxoplasma-specific immunoglobulin M
(June 1996 - October 1998) or both - immunoglobulin A and immunoglobulin M antibodies
(December 1998 - April 2000) using a non-commercial immunocapture ELISAs. The tests
were based on polystyrene microwells coated at home with rabbit anti-human IgM or IgA and
IgM antibodies (DAKO, Glostrup, Denmark), sonicated Tx12 T. gondii tachyzoites antigen
from in vitro culture of RH strain on VERO cells, and they used monoclonal anti-SAG1 (P30)
antibody (Statens Seruminstitut, Copenhagen, Denmark). The bound anti-Toxoplasma
antibodies from filter-paper eluates were revealed by an addition of rabbit anti-mouse
immunoglobulins secondary antibody labelled with alkaline phosphatase (DAKO, Glostrup,
Denmark), and the reaction was then developed in a presence of p-nitrophenyl phosphate
dissolved in diethanolamine/MgCl, buffer as the enzyme substrate (Sigma) (7,26,27). The
new combined IgA/IgM ELISA was adapted for a joint detection of actively synthesized
neonatal IgA and IgM using a single determination procedure. The technique of a high
sensitivity allowed to detect more difficult cases with low antibody levels that were weakly
positive or even borderline in separate traditional assays for analysis of individual antibody
classes IgA either IgM (26).

All IgA and/or IgM positive or equivocal eluates from filter-papers were re-tested twice
using double determination analysis, and additionally tested for IgG antibodies. If the IgA
and/or IgM-positive screening result was confirmed and the IgG test based on filter-paper
spots was positive, a serum sample from the newborn and the mother was required for a
verification. The Toxoplasma infection was finally confirmed by testing serum samples from
the suspected infant and the mother by conventional serology for IgA, IgM and IgG specific
antibodies (ELISA, BIO-RAD; ELFA, VIDAS TOXO IgM and IgG, and ISAGA PLUS IgA/
IgM, bioMerieux, France), and the IgM-IgG Western blot comparative immunological profile
analysis (LDBIO Diagnostics, Lyon, France) after the second week of life. The congenital
infection was defined by the presence of specific IgM and/or IgA antibodies in infant’s
peripheral blood after the 10™ day of age, and/or by the detection of actively synthesized IgG
antibody of different antigenic specificity than that of the mother shown by immunoblotting.
Follow-up serological testing for anti-7. gondii IgA, 1gM and IgG serum antibodies was
repeated every 2 months during the first year of life, then every 4 months after the treatment
withdrawal in early childhood, and twice a year during the school period, together with

clinical examinations (Fig. 2).
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The paediatric follow-up, including an assessment of psychomotor and growth
development with a routine neurological examination was performed soon after birth and
again every 2 months during the first year of life, every 4 months after anti-parasitic treatment
was stopped in early childhood, and then twice a year in the school period. Transfontanel
ultrasonography of the brain was repeated, when feasible, every 2 months in the 1* year. The
general ophthalmic examination, followed by direct and indirect ophthalmoscopy after the
pupils dilatation, was usually done before 4 weeks of age and repeated every 3 months, and at
each immunological rebound. Clinical hearing investigation followed by audiometry with the
ECHO-SCREEN apparatus (Fisher-Zoth GmbH, Wilhelmsburg, Germany) and cranial
radiography done in two projections (saggital and sutural) were performed during the neonatal
period. The imaging investigation was completed by the brain computerized tomography scan
near the 12 months of age.

Children with subclinical Toxoplasma infection or some non-specific signs at birth, were
treated with pyrimethamine (1 mg/kg body weight/day) plus sulphadiazine (100 mg/kg body
weight/day) completed with folinic acid (5 mg 3 times per week) for 4 weeks alternated with
spiramycin (375,000 IU/kg body weight/day) for another 4 weeks. For infants with a
clinically overt form of congenital toxoplasmosis, the continuous therapy with
pyrimethamine, sulphadiazine and folinic acid (Lederfolat) was prescribed for 12 to 24
months, according to the severity of infection and immunological status of the patient.
Leucocytes and thrombocytes counts were controlled twice a month during the periods of
pyrimethamine/sulphadiazine administration. Infants with neurological abnormalities were
managed by a regular rehabilitation therapy using Vojta’s or Bobath’s methods.

Maternal IgG antibody is transferred to the foetus, so the seroprevalence of Toxoplasma-
specific IgG antibody in neonates born in 1998-2000 was therefore regarded as equivalent to
the seropositivity rate in the pregnant women population at delivery in the studied area. Anti-
Toxoplasma antibodies were measured by the reference direct agglutination assay (Toxo-
Screen DA, bioMerieux, Marcy-1’Etoile, France), with some modifications adapted to filter-
papers, which was positive from 4 [U/ml. Briefly, three filter-paper discs of 3.2 mm in
diameter were punched into polystyrene microwell and eluted overnight at +4 °C in phosphate
buffered saline (PBS), pH 7.2, and then transferred to a new round-bottomed microtitration
plate. Fifty microliters of Toxoplasma antigen suspension in borate albumin buffered saline
(BABS), pH 8.95 were applied to each well, and the reaction was read after 5 hours of

incubation at room temperature.
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RESULTS

Between June 1996 and April 2000, 45,1609 filter-paper samples from neonates born alive
in the study area were successively tested: 27,516 neonatal Guthrie cards were analysed for
specific IgM (June 1996 — October 1998) and the next 17,653 filter-papers were tested by the
new combined IgA/IgM ELISA (December 1998 — April 2000) (Fig. 3A and B). During the
regional screening programme, 32 infants (18 males and 14 females, all single births) were
identified by serological screening alone as congenitally infected: 13 filter-paper cards were
positive in IgM ELISA screening (7 males and 6 females), and 19 neonates were positive for
Toxoplasma-specific IgA and/or IgM antibodies (11 males and 8 females). In 1996-1998, the
prevalence of Toxoplasma-specific IgM in newborns was at least 1 per 2,117 liveborn
children (0.47/1,000) or 1 per 1,192 neonates (0.84/1,000) born to seronegative women being
at risk of primary 7. gondii infection during pregnancy. In 1998-2000, after introduction of
combined IgA/IgM ELISA screening, the prevalence of Toxoplasma-specific IgA and/or IgM
in filter-paper specimens at birth was at least 1 per 929 liveborn infants (1.08/1,000) or 1 per
523 deliveries (1.9/1,000) of non-immune mothers being at risk of infection, when compared
with the mean seropositivity rate in the Polish pregnant women population at delivery in
1998-2000 of 43.7% (26,27).

Additionally, 3 infected children from the study area were identified to be congenitally
infected (1 male and 2 females, all singletons). One premature infant who was IgA and IgM —
negative at birth, was born to a seroconverted mother who was already treated during
pregnancy. The child began to synthesize her own IgM of other antigenic specificity than that
of the mother at 28 days of life as shown by the Western blot technique. In two other IgM-
negative newborns, blood was taken late at 5™ and 8™ day after birth, respectively. They were
diagnosed from typical clinical signs of a classic triad (retinochoroiditis, ventricular
dilatation, intracranial calcification), and both children had high levels of specific
immunoglobulin G at 6 weeks and 11 months, respectively. A retrospective detection of
specific IgA and IgM antibodies in filter-paper eluates collected at birth by a more sensitive
ISAGA technique, and strongly elevated titres of IgG antibody (> 240 IU/ml) were specific
markers of congenital Toxoplasma infection in these infants. Including the three cases with a
delayed synthesis of IgM (n=1) or retarded neonatal sampling (n=2), who were not diagnosed
by serological screening but born in the study area, the birth prevalence of congenital
toxoplasmosis in the Poznan region was at least 1 per 1,834 live births (0.55/1,000) or 1 per
1,033 infants born to susceptible women with a potential risk of the infection (0.97/1,000) in
the years 1996-1998, and at least 1 per 883 children born alive (1.13/1,000) or 1 per 497
deliveries at risk (2.0/1,000) in the years 1998-2000 (26,27).
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The false positive rate of the IgM assay was 1.5 per 10,000 determinations (4 of 27,516)
and that of the combined IgA/IgM ELISA was 2.3 per 10,000 examined neonatal samples (4
of 17,653), so the diagnostic specificity of the both methods was calculated to be 99.9%. The
false reactivity was related to “naturally occurring “ IgM or IgA antibodies (n=4), blood
transfusion before sampling (n=1) or resulted from a contamination with IgM or IgA
antibodies from maternal blood in operative deliveries (caesarean section) (n=3).

Of 13 infected neonates recognized on a basis of the IgM screening test, IgM and IgA
specific antibodies were both found by ISAGA technique at a dilution of 1/100 in 12 filter-
paper samples taken shortly after birth; one case was strongly positive for IgM and equivocal
for IgAantibody (27).

Of 19 congenitally infected newborns with a presence of specific IgA and/or IgM in filter-
paper eluates at birth, anti-Toxoplasma IgA and IgM antibodies were detected in commercial
assays in 12 patients, 3 cases were only IgM-positive when tested by traditional techniques,
and the remaining 3 children were confirmed by comparative immunological profiles analysis
alone (Westernblotting) using serum samples from the mother and infected infant (26).

Combined treatment with pyrimethamine plus sulphadiazine with or without alternation of
spiramycin was initiated between the 1% day to 11 weeks of life (mean 4 weeks), and
continued for 12-24 months according to a clinical course and severity of Toxoplasma
infection (mean 13.7 months). Nine infants received the contineuse therapy with
pyrimethamine plus sulphadiazine, and the remaining 16 children were treated with the less
intensive tretment regimen. No important side-effects giving indications to the treatment
interruption were seen. Mild skin rash probably related to antiparasitic chemotherapy was
observed in 2 infants, and transitory crystalluria occurred in 5 cases; one of them had
hyperuricaemia and a family predisposition to renal lithiasis.

Twenty-four of 35 infected infants (68.6%) presented a subclinical form of congenital 7.
gondii infection during the neonatal period before treatment and during the clinical follow-up
period of 6.9 to 10.5 years (mean 8.4 years) or they demonstrated some non-specific
symptoms or signs at birth, related to prematurity or adaptative respiratory disorders. The
clinically overt form of toxoplasmosis, mild or moderate, occurred in 7 cases; in 2 other
infants co-existing patent cytomegalovirus infection was diagnosed. Only one of the 35
children developed severe sequelae of congenital infection during the pre- and neonatal period
with generalized parasitaemia and profound central nervous system damage, leading to the
death at 12 months of age. In another child, who presented some neurological signs at birth,
non-febrile  seizures confirmed by a  generalized paroxysmal activity in

electroencephalography without Toxoplasma-specific signs in brain imaging examinations
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were demonstrated at the age of 6.2 years. New pathognomonic signs of congenital infection
were diagnosed in 2 postnatally treated cases (small intracranial calcifications or peripheral
chorioretinal scar) at the age of 2.5 and 7.7 years, respectively.

Two other postnatal deaths occurred in children with subclinical form of Toxoplasma
infection: one of severe staphylococcal sepsis at 3 months in a child from extremely bad
socio-economic conditions, and another one from pulmonary dysplasia at 11 months in a
prematurely born infant.

Toxoplasma-specific IgG showed decreasing titres in all the infants during administration
of anti-parasitic treatment. In 4 prematurely born infants, a transient negativisation of specific
antibodies was observed at 2-10 months of the age (mean 7.3 months) during intensive
therapy. In 22 infants, asymptomatic serological rebounds of IgG (n=4), IgG and IgA (n=17)
or IgA alone (n=1) occurred firstly at 16-35 months of life (mean 24.5 months) or between 2-
48 months (mean 8.7 months) after the end of initial pyrimethamine/sulphadiazine therapy.
During the follow-up period, 16 children had multiple serological recurrences (range 2-5,
mean 2.6 rebounds). Patients with eye and/or brain lesions had no more serological
reactivations (mean 1.8), than other children with the asymptomatic infection (mean 2.1).
After 6 years of life, serological rebounds were detected less frequently (26.1%) in
comparison to the early infancy and pre-school period (91.3%). In one patient, a rising titre of
specific IgG antibody was observed 8 weeks before a primary attack of non-febrile seizures
confirmed by electroencephalography, but intracranial calcifications were not found in brain
computerized tomography scans performed at the age of 10 and 76 months.

Epidemiological investigation on Toxoplasma seropositivity in newborns or pregnant
women population at delivery was performed using neonatal filter-papers tested for specific
immunoglobulin G. Altogether, 2684 filter-paper samples from neonates born alive were
analysed at birth or 2,656 gravidae, adjusting to the 28 multiple pregnancies (1.05%): 905
samples from consecutive births in October 1998, 864 specimens from children born in
August 1999, and 915 samples collected in March 2000. The proportion of samples collected
at maternity departments from the urban (n=1423) and rural (n=1261) areas inhabitants was
comparable (1:1.1). The mean seropositivity rate of 43.7% (range 41.5- 45.6%) was the same
for the newborns and pregnant women, and it declined slightly during the study period (P =
0.06). Twin pregnancies were positive in 46.4% (13 of 28). The population of seronegative
pregnant women susceptible to Toxoplasma infection was increased from the early 1990-ties,
when 58.9% of gravidae were immune to 7. gondii. The seroprevalence of Toxoplasma of
49.0% in women from rural areas was significantly higher when compared with the

seropositivity rate of 34.4% in urban agglomerations (P < 0.00001). Similarly, the Poznan
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inhabitants were less frequently positive for 7. gondii, than people living in other localities (P
< 0.00001).

Thirty-five mothers of congenitally infected children aged of 18 to 40 years (mean 25.2
years) were qualified to the epidemiological analysis; 4 of them had medically oriented
professions (paediatrician, nurse, electrocardiographist, dentist), and 15 mothers had delivered
more than one child (42.9%). The proportion of women living in rural (n=9) and urban (n=26)
areas was 1:3. Six women achieved a high level of university education with diploma and 24
completed college or professional school. The potential risk factors of Toxoplasma infection
were known in 31 mothers: eating or testing raw pork was the main source of infection in 24
women, 8 mothers lived in a household with kittens or cats, 4 persons used to eat frequently
unwashed fruit or vegetables; in 15 of them more than one source of infection was revealed.
In only 3 of 35 infected women (8.6%) professional contact with soil, raw meat or animals

was reported.

DISCUSSION

Infection with Toxoplasma gondii when acquired during pregnancy or in the
periconceptional period can cause intrauterine damage with unpredictable clinical sequelae
for the foetus, newborn infant or older child. Because almost 90% of congenitally infected
children are asymptomatic at birth or they present some non-specific and reversible symptoms
in neonatal period, the infection may pass undiagnosed until childhood, adolescence or even
early adult life, when secondary eye lesions and neurodevelopmental disorders are its most
common late consequences (5,7). Long-term antiparasitic treatment administrated during the
first year of life (or longer) can reduce a risk of chorioretinal lesions within 20 years of age
from more than 85% to 5-8% (28). Secondary neurological symptoms were not observed in
children intensively treated in the neonatal period and in early infancy (29), and a reduction or
resolution of intracranial calcification in brain computerized tomography scans was
documented during postnatal treatment (30). Furthermore, impaired psychomotor
development may be improved by early anti-parasitic chemotherapy starting from the
neonatal period (29,31). Actually, postnatal treatment of newborns and infants seems to be
significantly effective and protective against a late apparition of clinical sequelae in older
children and adolescents (29-31).

The presence of Toxoplasma-specific IgA or IgM antibodies in peripheral blood of a
neonate after the first week of life is considered a definite marker of congenital infection
(32). However, diagnostic sensitivity of different serological techniques varies widely among

authors, and the diagnostic accuracy of Toxoplasma IgM and IgA assays in infants is a source
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of constant discussions (33-37). The study of Lebech et al. (2001) documented that neonatal
screening based on a detection of specific IgM alone is able to diagnose more than 75% of
infected infants who not received antenatal therapy, but testing of newborns for Toxoplasma-
specific IgA may pick up an additional 5-10% of infected infants (7). These neonates are
mostly asymptomatic or they present some non-typical clinical symptoms related to
prematurity or some problems with an adaptation to extra-uterine life, and they can be not
diagnosed on a routine paediatric examination at birth. Naessens and colleagues (1999) have
found IgM antibody in neonatal blood in 85% of congenitally infected children born to
untreated mothers but only in 25% of infants who were treated prenatally. Similarly, the
sensitivity of diagnosing IgA in untreated and treated infants’ groups was 80 and 57%,
respectively, although the impact of maternal-foetal treatment on the suppression of
newborn’s immunological response has not been significantly proven (38). Couvreur (1993)
reported that specific IgM is not detected by the reference ImmunoSorbent Agglutination
Assay (ISAGA) in 30% of infants at birth but the discordance rises up to 82%, if their
mothers received the pyrimethamine-sulphadiazine therapy during pregnancy (28). The study
of Remington and colleagues (2001) reported that only 25% of infected children were IgM-
positive at birth, but these observations were all performed in France where prenatal treatment
is applied, which may reduce the IgM response in the Toxoplasma infected foetus (17). A
non-satisfactory detection of specific IgM antibody at birth in France was caused by prenatal
treatment which could modify specific immunological response and diminish a probability to
detect anti-Toxoplasma IgM antibody in newborns and infants (7). The European multicentre
study showed that a combination of comparative immunological profiles analysis by ELIFA
(Enzyme-Linked ImmunoFiltration Assay) with classic serological assays like ELISA or
ISAGA can increase diagnostic sensitivity to detect anti-Toxoplasma IgM and IgA up to
96.2% (20).

As antenatal treatment following prenatal diagnosis is sporadically prescribed in Poland,
the implementation of mass neonatal screening for congenital toxoplasmosis seems to be fully
justified. It is difficult to evaluate which of preventive methods for congenital toxoplasmosis
is the most efficacious, economically profitable and ethically acceptable in a particular stage
of the life like pregnancy or the neonatal period. The suggestions exist, that national
serological screening for pregnant women widely recommended in France and Austria since
1970-ties is not so much effective as previously suspected (data from the European Research
Network on Congenital Toxoplasmosis study group). Moreover, screening during pregnancy
is not able to detect 7. gondii infections acquired the last weeks before delivery, when a

potential risk of transplacental transmission is the highest and exceeds 90% (39). For this
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reason, some reference centres in France decided to carry on regional screening in newborns
for a detection of specific [gM (H. Dumon, personal correspondence). So far, widely
proposed health education is practiced in Great Britain, because there are no justified
arguments for mass testing of pregnant women.

Anti-parasitic chemotherapy is believed to reduce the risk of sequelae and should be
initiated as soon as the infection is diagnosed, but the impact of treatment during pregnancy
on materno-foetal transmission or development of new ocular and brain lesions is still
doubtful and controversial (40-43), so screening of neonates followed by intensive long-term
postnatal treatment for 12-24 months seems to be more justified. Detection of anti-7. gondii
IgA and IgM in the early neonatal period is still the most practical and certain method to
diagnose congenital toxoplasmosis, and a treatment delay of 1-2 months has no significant
influence on a potential risk of clinical signs in the neonate or infant (44).

The last years, the number of centres in which screening of neonates for Toxoplasma-
specific IgM is recommended is permanently increasing. The Boston University screening of
635,000 neonates born in Massachusetts and New Hampshire detected specific IgM in filter-
paper samples collected at birth in only 52 patients (0.8 per 10,000 liveborn neonates), and the
next 50 Guthrie cards gave false positive results (5). Similar work performed by The Danish
Toxoplasma Study Group, combining a detection of seroconversion during pregnancy with
analysis of neonatal IgM in filter-papers, identified 12 cases of congenital toxoplasmosis of
41,500 examined pregnancies (3 per 10,000 deliveries) (7). The pilot study was a reason for
the implementation of obligatory nation-wide serological screening for all Danish neonates
since the 1% January of 1999 (23). Detection of anti-Toxoplasma IgM in neonatal Guthrie
cards using a commercially available assay was also introduced in Sweden, confirming
congenital infection in 4 cases of 27,000 examined neonates (1.5/1,000) (45). The national
neonatal screening programme in Brazil detected 47 infected neonates of 140,914 live births
(1 per 3,000 neonates) with a higher risk of clinically overt form with ocular lesions (24,25).
Combined neonatal screening programme detecting not only IgM but both antibody classes
which do not cross the placenta - IgA and IgM in a single determination procedure, was
firstly introduced by the Poznan University of Medical Sciences in Poland.

In Poland, where a level of Toxoplasma-seropositivity in a pregnant women population is
elevated (22,26), use of obligatory serological screening during pregnancy, like in Austria and
France, should create some economical problems because of a high cost of repeated
serological testing. In a screened population with a high Toxoplasma seroprevalence, in a fact
the first serological test is usually performed between 8 and 13 weeks of gestation, (11), a

differentiation between acute infection with a potential risk for a foetus and previously
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acquired inactive form of infection without any risk for offspring may be diagnostically
difficult, and it requires numerous re-testing, invasive prenatal diagnosis, unnecessary
treatment, and anxiety during pregnancy with a potential risk of its interruption. Advantages
of neonatal screening using filter-papers are: low invasiveness of the method, easy
identification, storage and transport conditions of the samples, and lower cost when compared
with monthly serological testing of seronegative pregnant women. A technical cost of a single
laboratory analysis for IgA and IgM antibodies using a non-commercial ELISA assay was
about 2 Euro, so a cost to detect one congenitally infected case in a studied Polish population
was not more than 2,000 Euro, and 800,000 Euro annually for neonatal testing of all children
born in Poland.

According to generally accepted criteria, only primary Toxoplasma infection during
pregnancy constitutes a potential risk of the congenital infection, which justifies efficiency of
serological testing of pregnant women. However, in some sporadic cases, T. gondii infection
acquired before pregnancy of re-infection in a seropositive mother may be also a risk for a
foetus. In such rare cases, serological screening of neonates remains the only possible and
practical method to identify congenital 7. gondii infection (46-50). Similarly, primary
Toxoplasma infection acquired a few days/weeks before delivery cannot be recognized by
routine serological screening for pregnant women (39,51).

Incidence of congenital toxoplasmosis in the West Poland Province of at least 1 per 883
children born alive (1.13/1,000) or 1 per 497 deliveries at risk (2.0/1,000), according to the
percentage of seropositivity in a studied population, (26) seems to sufficiently justify the
needs for some nation-wide preventive measures for congenital toxoplasmosis in Poland. The
best strategy for a prevention and control of congenital 7. gondii infections remains still
unknown. The neonatal tests for a detection of Toxoplasma-specific IgM or IgA & IgM
antibodies showed a good diagnostic sensitivity in a high seroprevalence population of

newborns and successfully fulfil WHO criteria for screening programmes in newborns.

CONCLUSIONS
1. Serological screening of neonates for anti-Toxoplasma IgA and/or IgM antibodies in
filter-paper samples collected at birth, followed by intensive postnatal treatment is a
valuable and a good sensitivity preventive method for a detection of asymptomatic
children with congenital toxoplasmosis, who were not treated prenatally.
2. Mass neonatal testing for congenital toxoplasmosis seems to be strongly justified in areas
of a high annual number of births associated with a high seroprevalence of T. gondii

infection, where national screening for pregnant women has not been implemented.
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Fig. 1. A filter-paper card used for neonatal screening for congenital toxoplasmosis in
Poland. Explanations: name of the hospital, name of the mother, age of pregnancy, date of

birth, date of sampling, sex of the neonate, birth weight, address of domicile.
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NEONATAL FILTER-PAPER SCREENING TEST FOR IgM OR IgA/IgM

' N\

result (-) result (+) or (+/-)
no specific IgA/IgM antibody *
synthesized by a neonate re-testing

(double determination)

l

result (-) result (+) or (+/-)
no specific IgA/IgM antibody ¢
synthesized be a neonate analysis of specific IgG
result (+) result (-)
suspicion of non-specific IgA/IgM*

congenital toxoplasmosis

v

analysis of serum samples

of the mother and infant
(immunological profile of
specific IgA, IgM, IgG)

-~ ~

final confirmation of passively transmitted IgA/IgM **

congenital 7. gondii infection

v

clinical and serological follow-up control serological examinations
every 2 months during the 1* year until antibodies will disappear
of life, then every 4 months (negativisation of antibodies)

in the 2™ year of age

* ”Natural antibodies” (7).
** JgA or IgM of mathernal origin observed during the first days of age (operative deliveries,

placental pathology) (23).

Fig. 2. Diagnostic algorithm of the regional screening programme of newborns for

congenital toxoplasmosis in the Poznan Province of Poland.
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Fig. 3. Number of neonates screened for congenital toxoplasmosis in particular hospitals
in the West Poland Province: (A) B for the presence of specific IgM (pilot screening), (B)

B for the presence of specific IgA and/or IgM antibodies (combined screening).
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